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- . gSL&BZjfag. (%W&m ■ METHOD FOR FABRICATING. SEMICONDUCTOR DEVICE HAVING 
STACK-GATE STRUCTURE) 

A method for fabricating a semiconductor device 
having a stack-gate structure. A polysilicon layer 
is formed on a substrate and insulated from the 
substrate by a dielectric layer. A titanium layer 
and a tungsten nitride layer are successively 
formed overlying the polysilicon layer. Annealing 
is performed on the tungsten nitride layer using 
nitrogen and hydrogen as a forming gas. A tungsten 
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layer and a capping layer are successively formed 
on the tungsten nitride layer. 




054S-I0046twftni); 91305: ipin.ptd 



141 



- > □£5MMPJ*# —+S.^4L- 
a 

■B*i: 

a ^ : 
a «| : 



5_ > (i) 

[ % m m M 4i ok ] 

II- ^ ^ M ^ 



It * 



jl * V* M * * * ^ + *'* ****** 



4# #j & * M - a 

H jy, Jf M ft 



[ & m & m 1 

4- It t L 'It 
■It It ' *n t| ft 
(DRAM ) A & # 
f x uDRAM I? i 
HE a s a It #r k ' ° 

* H A 4lDRAM ' 

e, m ffl a* ^ * * 

— %p 4b^(tungs 
• % 7 *t ^jaDRAM 
^ # W ft € ft 6*i 
-s? 4t 9k % ™ "» 



•it 

as. 



* -sT * * «. * * * * ^ 1& 

^ « ** * ^ 3- * *> * a * # * * 14 
IS P€ a # ^ «. * «' ( sram ) & ^mm ° § 



■It It #J *Jf & 'tfc * ' te, 'It It 



&j & * ^ ^ — ^ 



4fc ft # Ife * 



jg , it t; is. # gj 



. *> S «- * *.^256Mb DRAM • a & ^ 

1Gb 'dram 4fe,e,*******£* 0 

(doped poly-silicon) U Pr 

t&tt7fc#*-ffl««* ' ^ x * ^ * ^ ^ * 

ten silicide) a ft * * ^ * FJL ^ £ 

tt « ft ' te*'****^** 1 ** 1 * ™ 
^ Hi >h ° f IMU f?H5 t i^t^^] 

pj. ft ( If] 1,100 /z Q • cm ) % & 

^ tfef Fit^^l M * ** ' * ^ * 
| 10 ^Q • cm ' * * & M 

ft, 4h A * IB H «■ A 



1% & 





s. - &*ntnw (2) 

nl is ^#jN-#i&jftfl&* & M t t it ^ - *K ft . H 4b 
jf # ^ n ^ £ >f » #-fft.3»«4tSM*6<j«ia-'|jS.flo«.ic 

#■ ^ -sr * ^ ° 

[ PS S ] 

^^^^-af-ft&l ' ^ # 4 i i A t i '(^ ^ 

ft (forming gas ) *.f**fe*lW4S**fc-i3*.&^ ' * 
a Jf i| * fflfe ^ ^ I t 1 t ^ ^ * t PI t it * t ^ it • 

^ 4- ^ It £ A $L a4 2T ° "a ^ ' — ^ -t. 3" & — 

V Jk • J- «. £ # # ft ^ - ^ * >* ^ * & ^ ^ ° ^ ^ ' ^ ^ - 

HftJ^thtL-fb^^lf^-Ei^-A^ ° * ^ ' ^ & ^ b 03 % ± - 

jt t , &&4fe3£ft.;ta9bflt*&j&fti&44 ' -B- * & 
5 m 1 0 ±£ eKj J& IS ° 

3- * ' tL*.*A.*.'*-*fc*&*>* 4:1 ° 13 *- & ^ * 
A ft * 8 0 0 °C £>J 1 0 0 0 °C i& S • EJ*.Jfca*.n*H*)£.50 *I 

• 1 0 0 3* # H, E ° 

X ft 4dt -t it 4L i #j ' ^#^^-****4«S M 




054S-I0046t\vnni): 91205: spin.pid ^ '( ^ 



5L - MttWI (3) 



# 41 4- * tt 


«. 








o 


a 




3 


& - 




M. 


_L 3# j& 




B S B ^ ' JL 


$L 


a 9 a ^ 






— 


^> 


* 








«, 


* • & * 






>#' 


Si 




^ ' 




V > 






& -~ 






M A ° # 




& A A 


_L 








ft. 








Bl - 


#k 




>i >t ' # 




ft, IL -5- Sl 


ft 






a it 


Jit 


M 


ft. 


4b 


4fc A 






IrH t 




s its ° 


* 


ft ' 






'J 


A 






$L -~ 










* t ' 








ft, =te 




& 








M 




' X Jf- 




5 £J 1 0 %k it 0 


























# £■ ' 


ft. 




ft. 


a 4L 


flit 




fcb 




J*? 4 : 


1 


0 0 





& « 8 o o °c 5-i i o o o °c & n m ° sits^Bifi 1^50 m 
1 0 0 *> #j $& m ° 

T # & & * 2fe #'J ' & Be, ^ flr S ^ ' ft # & t& a £ 
[ 5f 3fe 3" ^ ] 

j-XTS&^ila&Jlel^a^f 4 #'J ^ * *£l 4 ffl 

& J* & 4L ^ It * £ *L it 3" * 0 ' 

-r & ' tf # as ^ l a ffl ' ^ ^ - 1- & i o 0 ' m - *P * 

it # ' i?'J ^MOS t a B a It ^ € W- ^ % ^ * # to # # ' ^4 
^ 7 jtjjj 4b ffl ' f a ^ f ^ I- * ^ ^ ° ^ * ' # * '1 ^ D 
>X m %L % «. ^ & *- ^& 1 0 0 _L ^ j& - ft % A 1 0 2 ^ - «. b s b # ^ 
10 4° ^ ^ # a ^ t ' 1> € >t 1 0 2 > ^ — % lb & A ' # JS « 




i - IrWftW (4) 

^^-M^^€>f^« ' £- ^ ^ ^ ^ 3 0 S«J 1 0 0 m 4l E > X ^ 

# * ft * ^ 7 o o °c m i o o o °c t ^ & ^ ° # * ' ^ £ 

^^104 1* 'ti^taUl ' 

# ^ ' & m- jsl #} & i o o o m 2 o o o ^ m ' -e.-«t#*€&$*j# 

4b ft 4s #l 3* (plasma enhanced CVD, PECVD) fit j& 

° ^ ' it # -li ±& # & b s h ^ >t 1 0 4 ^ © it — ># >^ M- 
% • in --fit Jfl It ( DHF ) - a^^*^S-t#j 

f i ^ f (native oxide ) ° 

# T ' tf # as f 1 b ffl ^HiifeSi^^t ( PVD 
) & & 41 b b b ^ Jk 104 _t # * - If 4r J * 106 • *] *» ft. M 
% , i f ^ I'JIO ^ ^ f B 1 ' ffl « ^ I, f a s a ^ f 104 ^ 

gk<kM,%>ih%z.T£i#sm%% ° fit & ' H * a * a ^ * & * ' 

^ftsi 4i >rt sft (PVD ) * 4b # A 4§ ^ (CVD ) > » 

J| Jt 1 0 6 _L $£ m - & 1 * l& Ft * 1 0 8 - * * * «fe *J t ' 
4*fcffi4fc3£ft*iifc* ( P VD ) -fcfc£-4*106-tS£*-ft. -fb 

* ( WN ) * ' J-*£-&*J-£30£J100#4lN ■ 

& T ^ , ^ m % i c II • i£ 4t *■ # a ^ M * * ' 
SL-fb^/flOSf^fe — (annealing) AS110 ' J-iS.4t 

BJI # ^ 5 0 M 1 0 0 f> 4l Pal » Su&#IHb-^^1084:iitt 
& o £ ^ 3fe in t ' itb EJ & S 1 1 0 % #■ ffl It ft ( N 2 ) # A 
ft (H 2 ) (forming gas) • J- & ft 1% A ft ^ 

>JT L * tb m h 4 : 1 0 # * ' ^ 4. 3£ 1 1 0 #j a S. #J 8 0 0 °C I 'J 
1 0 0 0 °C ft la ffl ° 

^ ^ ' ^ # m. % i d n ' »r # * s ft 4i >^ * * s 



illlSlwiil IIWlllHfH 



O54S-lO046i\vH"nlV. 91205: spin.pm 



% 9 % 



(5) 

M ' M 1 000 * tt « ■ ' . 

^ * . tt * 'm n i c a ■ • * ^ * * * *• 

no . n** • ***i.*»*io8 »*•*****»-*•. 

4 « 1 1 2 t Pi -ft • . 

" ** • «>K*le« •»***■ « *** ' **** 

( low pressure CVD, LPCVD ) ■ *** 

*j|112.t»*--t**H4 • CSiN) ■ 

I « ft * M * * * * * * * W * * * * * * * * ' * * * *° 
ft ««S ■ *iIJill4i*-**-*»«** C * * ^ 
) . it * **.*■*« 114 ' * 

4» + #i,-«a one • ^ 

112 -It A Jl 1 09 - » * « * 1 06 • * * * * 1 04 - & it % 

m m * # « & « «■ & ' ^ * * ffl * 

HL ft * * « • ********* ' ********* 




JL « &mtyLW (6) 



# ^ le. SI 1*3 ' 15 



* # Jt ft! & >ffl ^ 



itb ^ $ a£ ^ ^ ti le, 



m 3- t *fr 4- #'J le. 



m # ^ * ^ 




Q548-I0046wf(nn: 91205: spin.ptd 



# ffe «, : 



10 0- 










102- 






J 




10 4- 


-a B 








106- 






># 




108- 




& 






109- 






4. 


S H 4b 


110- 




& 


if. 




112- 


m £■ 


M 




> 


114- 






J 




115- 


j£ i 








116- 




o 








1Y 



1 . - * 

T ?'J # J* 
— 

-£ ig 41 
-fe. i% £k 

s a i 

& s • ; 
tt ft 
. 2. t 
tf- tt H * 



* * 

_L ^5" 

* & *& 



m J& - 41 B B a ^ # ' J. 41 h B b ^ ^ II * - 



a 
aa 



£■ A 

a & 

4b 1% M 



#d III 

* it 2f ^ ' 



* .ill 



zfc — £fc ^ 4 M : 
j& - ft. -ft A * : 

^ *B # *.«w*|-ttfUt**ir *, -. 
& - & £r J >#• ° 

m & ft & & ^ *~ 



-0-- 



3M, S* Mr 

aa. -vc 



M & 3" * • Jt & ^ * « 41 A *P * & fi'-Z-.P 



t * * #1 "ft si 



4 . ^ t tf I- * «J it, 



ill ,9* 



54: ^ * ' * t H * # # #j «L ft >* >i « « 



M ° 

5. £° t 



T 

-r 



6. t 

# It It £ 
I £ II ° 



if 3- *'J l& ffl 
%_ * & ' 

it la IS 

t ii ^ * 



H 1 Tl m 3& * * ±fc 4 ffi ^ M ^ 

J£ t # * & ft 4a >ft ^ & tt & £r 




054S-10046w/nnl); 91505: spin.ptd 




054S-10046tv/nni>; 91205; spin.ptd % 14 % 



a B B ^ f i a ° 

14. *° t tt * m a m % i o m m at * * ^ * w « #t 

-^-^^ItltJ-^-ife^^ ' & + * * ^ ^ ^ a ^ ^ ^ ^ ^ ^ 
4 >§ ° 

15. *i t * * *l J£ IB J|514*. 
^+*lllt*«Lat^* 5 * + tt <&5 *] 1.0 
J£ # $a E ° 

16. *» t tt * *'J ft « 9 1 0 * it * ^ J* 4 M * 
^^fffif^^* ' * * tt & a £■ tt A a ^ 85. * & 
^4:1° 

17. t * #j m m ^io«^^^**** m * * 

tlHIf lii^* ' * + tt is *. A a 4l & *j ^8 0 o 

°C I'J 1 o o 0 °C ^ II s ° 

18. ^ t f l-i'J t ffl £ 1 0 * /*/t & * * 

l o o # «, s ° 




100 



